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(54) DEPTH INFORMATION BASED GESTURE DETERMINATION FOR MOBILE PLATFORMS

(57) Determining the pose or gesture of one or more
subjects in an environment adjacent to a mobile platform,
and associated systems and methods are disclosed
herein. A representative method includes identifying can-
didate regions from depth data representing the environ-
ment based on depth connectivity criterion, associating
disconnected regions for identifying multiple pose com-
ponents of the subject, determining a spatial relationship
between the identified pose components, and cause gen-
eration of a controlling command based thereon.
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Description

TECHNICAL FIELD

[0001] The present technology is generally directed to
determining the pose or gesture of one or more subjects,
such as one or more human users in a three-dimensional
(3D) environment adjacent to a mobile platform.

BACKGROUND

[0002] The environment surrounding a mobile platform
can typically be scanned or otherwise detected using one
or more sensors. For example, the mobile platform can
be equipped with a stereo vision system (e.g., a "stereo
camera") to sense its surrounding environment. A stereo
camera is typically a type of camera with two or more
lenses each having a separate image sensor or film
frame. When taking photos/videos with the two or more
lenses at the same time but from different angles, the
difference between the corresponding photos/videos
provides a basis for calculating depth information (e.g.,
distance from objects in the scene to the stereo camera).
As another example, the mobile platform can be
equipped with one or more LiDAR sensors, which typi-
cally transmit a pulsed signal (e.g. laser signal) outwards,
detect the pulsed signal reflections, and determine depth
information about the environment to facilitate object de-
tection and/or recognition. However, inaccuracies exist
in different depth-sensing technologies, which can affect
various higher level applications such as pose and/or
gesture determination.

SUMMARY

[0003] The following summary is provided for the con-
venience of the reader and identifies several represent-
ative embodiments of the disclosed technology.
[0004] In some embodiments, a computer-implement-
ed method for determining a pose of a subject within an
environment includes identifying a plurality of candidate
regions from base depth data representing the environ-
ment based, at least in part, on at least one depth con-
nectivity criterion, determining a first region from a subset
of the candidate regions as corresponding to a first pose
component of the subject, and selecting one or more sec-
ond regions from the subset of candidate regions to as-
sociate with the first region based, at least in part, on
relative locations of the first region and the one or more
second regions. The method also includes identifying the
first pose component and at least one second pose com-
ponent of the subject from a collective region including
the first region and the one or more associated second
regions, determining a spatial relationship between the
identified first pose component and the identified at least
one second pose component, and causing generation of
a controlling command for execution by a mobile platform
based, at least in part, on the determined spatial relation-

ship.
[0005] In some embodiments, the base depth data is
generated based, at least in part, on images captured by
at least one stereo camera. In some embodiments, the
base depth data includes a depth map calculated based,
at least in part, on a disparity map and intrinsic parame-
ters of the at least one stereo camera. In some embod-
iments, the method further comprises determining a
depth range where the subject is likely to appear in the
base depth data. In some embodiments, the plurality of
candidate regions are identified within the range of depth.
In some embodiments, the base depth data includes at
least one of unknown, invalid, or inaccurate depth infor-
mation.
[0006] In some embodiments, the at least one depth
connectivity criterion includes at least one of a depth
threshold or a change-of-depth threshold. In some em-
bodiments, two or more of candidate regions are discon-
nected from one another due, at least in part, to unknown,
invalid, or inaccurate depth information in the base depth
data. In some embodiments, the method further compris-
es selecting the subset of the candidate regions based,
at least in part, on first baseline information regarding at
least one pose component of the subject. In some em-
bodiments, the first baseline information indicates an es-
timated size of the at least one pose component. In some
embodiments, the first baseline information is based, at
least in part, on prior depth data.
[0007] In some embodiments, determining the first re-
gion is based, at least in part, on second baseline infor-
mation regarding the first pose component of the subject.
In some embodiments, the second baseline information
indicates an estimated location of the first pose compo-
nent. In some embodiments, the second baseline infor-
mation is based, at least in part, on prior depth data. In
some embodiments, selecting one or more second re-
gions from the subset of candidate regions to associate
with the first region is based, at least in part, on non-depth
information regarding the environment. In some embod-
iments, the non-depth information includes two-dimen-
sional image data that corresponds to the base depth
data.
[0008] In some embodiments, selecting the one or
more second regions to associate with the first region
comprises distinguishing candidate regions potentially
corresponding to the subject from candidate regions po-
tentially corresponding to at least one other subject. In
some embodiments, selecting one or more second re-
gions from the subset of candidate regions to associate
with the first region is based, at least in part, on estimated
locations of a plurality of joints of the subject. In some
embodiments, selecting one or more second regions
from the subset of candidate regions to associate with
the first region at least partially discounts an effect of
unknown, invalid, or inaccurate depth information in the
base depth data.
[0009] In some embodiments, the subject is a human
being. In some embodiments, the first pose component
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and the at least one second pose component are body
parts of the subject. In some embodiments, the first pose
component is a torso of the subject and the at least one
second pose component is a hand of the subject. In some
embodiments, identifying the first pose component and
at least one second pose component of the subject com-
prises detecting a portion of the collective region based,
at least in part, on a measurement of depth. In some
embodiments, detecting a portion of the collective region
comprises detecting a portion closest in depth to the mo-
bile platform. In some embodiments, identifying the at
least one second pose component is based, at least in
part, on a location of the detected portion relative to a
grid system.
[0010] In some embodiments, identifying the at least
one second pose component comprises identifying at
least two second pose components. In some embodi-
ments, identifying the first pose component comprises
removing the identified at least one second pose com-
ponent from the collective region. In some embodiments,
identifying the first pose component is based, at least in
part, on a threshold on width.
[0011] In some embodiments, determining a spatial re-
lationship between the identified first pose component
and the identified at least one second pose component
comprises determining one or more geometric attributes
of the first and/or second pose components. In some em-
bodiments, the one or more geometric attributes include
a location of centroid. In some embodiments, determining
a spatial relationship between the identified first pose
component and the identified at least one second pose
component comprises determining comprises determin-
ing one or more vectors pointing between portions of the
first pose component and the at least one second pose
component.
[0012] In some embodiments, the mobile platform in-
cludes at least one of an unmanned aerial vehicle (UAV),
a manned aircraft, an autonomous car, a self-balancing
vehicle, a robot, a smart wearable device, a virtual reality
(VR) head-mounted display, or an augmented reality
(AR) head-mounted display. In some embodiments, the
method further comprises controlling a mobility function
of the mobile platform based, at least in part, on the con-
trolling command.
[0013] Any of the foregoing methods can be imple-
mented via a non-transitory computer-readable medium
storing computer-executable instructions that, when ex-
ecuted, cause one or more processors associated with
a mobile platform to perform corresponding actions, or
via a vehicle including a programmed controller that at
least partially controls one or more motions of the vehicle
and that includes one or more processors configured to
perform corresponding actions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Figure 1A is an illustrative 2D image of an environ-
ment in front of a mobile platform and Figure 1B is
an illustrative depth map corresponding to the 2D
image of Figure 1A, in accordance with some em-
bodiments of the presently disclosed technology.

Figure 2A is an illustrative 2D image of a subject
(e.g., human user) and Figure 2B is a corresponding
depth map with defects, in accordance with some
embodiments of the presently disclosed technology.

Figure 3 is a flowchart illustrating a method for de-
termining a pose or gesture of a subject, in accord-
ance with some embodiments of the presently dis-
closed technology.

Figure 4A illustrates a 2D image of multiple subjects
(e.g., two human dancers) and Figure 4B illustrates
subject features (e.g. joints) determined from the 2D
image, as well as the grouping and mapping of the
subject features to individual subjects, in accordance
with some embodiments of the presently disclosed
technology.

Figures 5A-5D illustrate a process for identifying a
secondary pose component (e.g., hand) of a subject,
in accordance with some embodiments of the pres-
ently disclosed technology.

Figures 6A and 6B illustrate a process for identifying
a primary pose component (e.g., torso) of the sub-
ject, in accordance with some embodiments of the
presently disclosed technology.

Figure 7 illustrates examples of mobile platforms
configured in accordance with various embodiments
of the presently disclosed technology.

Figure 8 is a block diagram illustrating an example
of the architecture for a computer system or other
control device that can be utilized to implement var-
ious portions of the presently disclosed technology.

DETAILED DESCRIPTION

1. Overview

[0015] Poses or gestures are natural communication
modes for human users, which provide a promising di-
rection for a human-computer interface applicable to var-
ious mobile platforms. However, it can be technologically
difficult and computationally intensive to determine the
pose or gesture of subject(s) based on two-dimensional
(2D) image information, and any resulting distance infor-
mation may not be accurate. Depth information (e.g., pro-
vided by stereo camera, LiDAR, and/or other sensors)
provides measurements in another dimension, which can
be used to improve the efficiency and/or efficacy of pose
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determination. However, inaccuracies or other imperfec-
tions in the depth information may occur for various rea-
sons. For example, a stereo camera may not be able to
provide depth information for a texture-less subject,
some part(s) of the environment may be overexposed or
underexposed, and certain shapes, orientations or colo-
cations of objects may cause imperfect depth detection.
[0016] The presently disclosed technology uses a re-
gion-based method to discount or eliminate the negative
effect of imperfections in depth information, identify pose
components of one or more subjects, and determine spa-
tial relationships among the pose components for gen-
erating various controlling commands based thereon. An
illustrative method can include analyzing depth informa-
tion (e.g., including identifying depth inaccuracies or oth-
er imperfections) and determining candidate regions
which potentially includes at least a portion of a pose
component (e.g., torso, hand, or the like). The candidate
regions can be determined based on various criteria of
depth-discontinuity, some of which may be caused by
the depth inaccuracies or other imperfections. The illus-
trative method can include generating a collective region
by grouping together a subset of the candidate regions
based on their spatial or logical relationship, thereby "re-
connecting" certain candidate regions that were separat-
ed due to the depth inaccuracies or imperfections. The
collective region can be further analyzed for identifying
one or more pose components therein.
[0017] Several details describing structures and/or
processes that are well-known and often associated with
mobile platforms (e.g., UAVs or other types of movable
platforms) and corresponding systems and subsystems,
but that may unnecessarily obscure some significant as-
pects of the presently disclosed technology, are not set
forth in the following description for purposes of clarity.
Moreover, although the following disclosure sets forth
several embodiments of different aspects of the presently
disclosed technology, several other embodiments can
have different configurations or different components
than those described herein. Accordingly, the presently
disclosed technology may have other embodiments with
additional elements and/or without several of the ele-
ments described below with reference to Figures 1A-8.
[0018] Figures 1A-8 are provided to illustrate repre-
sentative embodiments of the presently disclosed tech-
nology. Unless provided for otherwise, the drawings are
not intended to limit the scope of the claims in the present
application.
[0019] Many embodiments of the technology de-
scribed below may take the form of computer- or control-
ler-executable instructions, including routines executed
by a programmable computer or controller. The program-
mable computer or controller may or may not reside on
a corresponding scanning platform. For example, the
programmable computer or controller can be an onboard
computer of the mobile platform, or a separate but ded-
icated computer associated with the mobile platform, or
part of a network or cloud based computing service.

Those skilled in the relevant art will appreciate that the
technology can be practiced on computer or controller
systems other than those shown and described below.
The technology can be embodied in a special-purpose
computer or data processor that is specifically pro-
grammed, configured or constructed to perform one or
more of the computer-executable instructions described
below. Accordingly, the terms "computer" and "controller"
as generally used herein refer to any data processor and
can include Internet appliances and handheld devices
(including palm-top computers, wearable computers, cel-
lular or mobile phones, multi-processor systems, proc-
essor-based or programmable consumer electronics,
network computers, mini computers and the like). Infor-
mation handled by these computers and controllers can
be presented at any suitable display medium, including
an LCD (liquid crystal display). Instructions for performing
computer- or controller-executable tasks can be stored
in or on any suitable computer-readable medium, includ-
ing hardware, firmware or a combination of hardware and
firmware. Instructions can be contained in any suitable
memory device, including, for example, a flash drive,
USB (universal serial bus) device, and/or other suitable
medium. In particular embodiments, the instructions are
accordingly non-transitory.

2. Representative Embodiments

[0020] As discussed above, a stereo camera or other
sensor can provide data for obtaining depth information
(e.g., measurements of distance between different por-
tions of a scene and the sensor) for an environment that
surrounds or is otherwise adjacent to, but does not nec-
essarily abut, a mobile platform. For example, Figure 1A
is an illustrative 2D image of an environment in front of
a mobile platform and Figure 1B is an illustrative depth
map corresponding to the 2D image of Figure 1A, in ac-
cordance with some embodiments of the presently dis-
closed technology. As shown in Figure 1A, the environ-
ment includes a subject (e.g., a human user), various
other objects, a floor, and walls. The depth map of Figure
1B illustratively uses grayscale to represent the depth
(e.g., distance to the mobile platform or the observing
sensor) of different portions of the environment. For ex-
ample, the darker a pixel appears in the depth map of
Figure 1B, the deeper (i.e., farther away) the portion of
the environment corresponding to the pixel is located. In
various embodiments, a depth map can be represented
as a color graph, point cloud, or other forms.
[0021] Various imperfections, such as inaccuracies,
defects, and/or unknown or invalid values, can exist in
the depth information about an environment. For exam-
ple, Figure 2A is an illustrative 2D image of a subject
(e.g., human user) and Figure 2B is a corresponding
depth map with defects, in accordance with some em-
bodiments of the presently disclosed technology. As can
be seen, the subject in Figure 2A is extending an arm to
express a pose/gesture. A portion 202 of the extended
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arm lacks texture (e.g., appears mostly in white, without
variance). In this case, the stereo camera generated
depth map of Figure 2B cannot accurately reflect the
depth of the arm portion 202. Illustratively, in Figure 2B,
a region 204 that corresponds to the arm portion 202
includes unknown or invalid depth data, thereby incor-
rectly separating a torso portion 206 from a hand portion
208, both of which in fact belong to a same subject. A
person of skill in the art can appreciate that various other
forms of imperfections may exist in sensor-generated
depth information about an environment.
[0022] Figure 3 is a flowchart illustrating a method 300
for determining a pose or gesture of a subject, despite
imperfections, in accordance with some embodiments of
the presently disclosed technology. The method can be
implemented by a controller (e.g., an onboard computer
of a mobile platform, an associated computing device,
and/or an associated computing service). The method
300 can use various combinations of depth data, non-
depth data, and/or baseline information at different stag-
es to achieve pose/gesture determinations. As discussed
above in paragraph [0023], the method 300 method can
include analyzing depth information, determining candi-
date regions, as well as generating a collective region
for identifying one or more pose components therein.
[0023] At block 305, the method includes obtaining
depth data of an environment (e.g., adjacent to the mobile
platform) including one or more subjects (e.g., human
users). The depth data can be generated based on im-
ages captured by one or more stereo cameras, point
clouds provided by one or more LiDAR sensors, and/or
data produced by other sensors carried by the mobile
platform. In the embodiments in which stereo camera(s)
are used, the depth data can be represented as a series
of time-sequenced depth maps that are calculated based
on corresponding disparity maps and intrinsic parame-
ters of the stereo camera(s). In some embodiments, me-
dian filters or other preprocessing operations can be ap-
plied to source data (e.g., disparity maps) before they
are used as a basis for generating the depth data, in order
to reduce noise or otherwise improve data quality.
[0024] In some embodiments, the method includes de-
termining a depth range in which one or more subjects
are likely to appear in the depth data corresponding to a
particular time (e.g., a most recently generated frame of
a depth map). Illustratively, the depth range can be de-
termined based on baseline information derived from pri-
or depth data (e.g., one or more frames of depth maps
generated immediately prior to the most recent frame).
The baseline information can include a depth location
(e.g., 2 meters in front of the mobile platform) of a subject
that was determined (e.g., using method 300 in a prior
iteration) based on the prior depth data. The depth range
(e.g., a range between 1.5 meters and 2.5 meters) can
be set to cover the determined depth location with certain
margins. In some embodiments, the baseline information
can be defined independent of the existence of prior
depth data. For example, an initial iteration of the method

300 can use a predefined depth range (e.g., a range be-
tween 1 meter and 3.5 meters in front of the mobile plat-
form). The controller can generate a reference depth map
(e.g., Figure 2B) using only the depth information within
the depth range. In some embodiments, the depth range
determination is not performed and the reference depth
map can include all or a subset of depth information cor-
responding to the particular time.
[0025] At block 310, the method includes identifying
candidate regions that may correspond to pose compo-
nents (e.g., the user’s or other subject’s torso, hand, or
the like). Illustratively, the controller analyzes the refer-
ence depth map to identify all the regions that can be
separated from one another based on one or more depth
connectivity criteria (e.g., a depth threshold or a change-
of-depth threshold). For example, each identified candi-
date region includes pixels that are connected to one
another on the depth map. The pixels in each region do
not vary in depth beyond a certain threshold. Each can-
didate region is disconnected from any other candidate
regions in depth, and in some embodiments, also dis-
connected in one or two other dimensions. As discussed
previously, in some cases, the disconnection is caused
by unknown, invalid, or inaccurate depth information.
[0026] The controller can select a subset of the candi-
date regions based on baseline information regarding at
least one pose component of the subject. The baseline
information can indicate an estimated size of pose com-
ponent(s) (e.g., size of a hand), based on prior depth
data. Illustratively, the controller can estimate a quantity
nvaild of pixels on the reference depth map that corre-
spond to an average size of a hand, using (1) the likely
depth location (e.g., 2 meters in front of the mobile plat-
form) of the subject as estimated at block 305 and (2) a
previously determined relationship between a pixel quan-
tity (e.g., 100 pixels) and an average hand size at a known
depth location (e.g., 1 meter in front of the mobile plat-
form). In this example, the estimated pixel quantity nvaild
can be 25 pixels based on operation of geometric trans-
formations. In some embodiments, a margin (e.g., 20%)
or other weighting factor can be applied to reduce the
risk of false negatives, thus the estimated pixel quantity
nvaild can be further reduced, for example, to 20 pixels.
Accordingly, potentially more candidate regions can be
selected and included in the subset.
[0027] The estimated size of the pose component(s)
can be used to filter the candidate regions to generate a
more relevant subset for identifying pose component(s)
in a more efficient manner. Illustratively, the controller
compares the size (e.g., number of pixels) of each can-
didate region with a valid size range (e.g., between nvaild
and a multiple of nvaild) defined based on the estimated
size, and filters out candidate regions having sizes that
fall outside of the valid size range. In some embodiments,
the valid size range can be determined based on esti-
mated sizes of two or more pose components.
[0028] At block 315, the method includes selecting
from the subset of candidate regions a primary region
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that potentially corresponds to a primary pose compo-
nent (e.g., torso) of a subject. In some embodiments, the
controller determines the primary region based on base-
line information (e.g., location and/or size) regarding the
primary pose component of the subject. Similarly, the
baseline information used here can be derived from prior
depth data (e.g., prior reference depth map(s) where the
primary pose component was determined using method
300 in prior iteration(s)). For example, if the subject’s
torso was detected from a prior frame of depth informa-
tion, the controller can determine a centroid point of the
previously determined torso portion and map the centroid
point to the current reference depth map. The controller
can label a candidate region as the primary region if the
centroid point lands inside the candidate region. Alterna-
tively, the controller can select a primary region based
on region size (e.g., selecting the largest candidate re-
gion within the subset as corresponding to the torso of
the subject). It should be noted that the primary region
may include a portion of the primary pose component,
multiple pose components, non-pose components (e.g.,
head of a human user in some cases) of the subject,
and/or objects other than the subject.
[0029] At block 320, the method includes generating a
collective region by associating the primary region with
one or more secondary regions of the subset based on
their relative locations. In some embodiments, this can
be achieved based on the analysis of non-depth infor-
mation regarding the environment. As discussed previ-
ously, candidate regions can be disconnected from one
another due to unknown, invalid, or inaccurate depth in-
formation. Non-depth information (e.g., corresponding
2D image(s) of the environment) can be used to re-con-
nect or otherwise associate disconnected regions. Illus-
tratively, joints or other applicable subject features can
be determined from 2D images. Based on the spatial
and/or logical relationship among the determined subject
features, they can be grouped in an ordered fashion
and/or mapped to corresponding subject(s). The group-
ing and/or mapping can be based on baseline information
regarding the subject features (e.g., the wrist joint and
shoulder joint must be connected via an elbow joint). In
some embodiments, the controller can implement a Part
Affinity Fields (PAFs)-based method to achieve the fea-
ture grouping and/or mapping. For example, Figure 4A
illustrates a 2D image of multiple subjects (e.g., two hu-
man dancers), and Figure 4B illustrates subject features
(e.g. joints) determined from the 2D image, as well as
the grouping and mapping of subject features to individ-
ual subjects, in accordance with some embodiments of
the presently disclosed technology. As illustrated in Fig-
ure 4B, the grouping and mapping of subject features
can distinguish the two subjects from each other, and
thus avoid incorrectly mapping feature(s) of a first subject
to a second subject. The controller can then project the
subject features to the reference depth map and associ-
ate the primary region (e.g., that includes one or more
features of a subject) with one or more secondary regions

(e.g., each including one or more features of the same
subject) in accordance with the subject feature grouping
and/or mapping.
[0030] Because analyzing non-depth information may
consume a considerable amount of computational re-
sources, in some embodiments, the controller generates
the collective region based on the distance between
and/or the relative sizes of the primary region and other
candidate regions. For example, the controller can select
a threshold number of secondary regions that (1) have
a size within the valid size range and (2) are located close
enough to the primary region to be associated with the
primary region. Once the collective region, including the
primary and secondary regions, is constructed, other
candidate regions can be filtered out or otherwise exclud-
ed from further processing.
[0031] At block 325, the method includes identifying at
least a primary pose component (e.g., torso) and a sec-
ondary pose component (e.g., hand) of a same subject
from the collective region. Illustratively, the controller an-
alyzes a distribution of depth measurements using base-
line information regarding the pose component(s).
[0032] For example, Figures 5A-5D illustrate a process
for identifying a secondary pose component (e.g., hand)
of a subject (e.g., a human user), in accordance with
some embodiments of the presently disclosed technolo-
gy. For purposes of illustration, Figures 5A-5D do not
show depth information (e.g., in grayscale). The baseline
information regarding pose component(s) can indicate
that a hand of a subject is likely to be a pose component
that has a shortest distance to the mobile platform. There-
fore, as illustrated in Figure 5A, the controller can search
for and identify a closest point 502 within the collective
region 510. With reference to Figure 5B, using the closest
point as a seed point, the controller can identify a portion
504 of the collective region, for example, by applying a
flood-fill method that is initiated at the closest point 502.
Various other applicable methods can be employed to
identify the portion 504 based on the closest point 502,
and various depth thresholds or change-of-depth thresh-
olds can be used therein. The identified portion 504 can
include a hand of the subject and potentially other body
part(s) (e.g., arm).
[0033] In some embodiments, the controller can divide
or partition the reference depth map, in order to determine
the secondary pose component in a more efficient and/or
accurate manner. For example, a grid system can be
used to further determine the hand of the subject within
the identified portion 504. As illustrated in Figure 5C, an
example grid system 520 can divide the reference depth
map into 9 grid blocks 531-539. The gridlines of the grid
system 520 can be defined based on baseline informa-
tion regarding the primary pose component (e.g., torso)
or other pose components of the subject, and may them-
selves be non-uniform. For example, the upper horizontal
gridline 522 can be located at a height of a torso centroid
estimated from one or more previous frames of depth
data; the lower horizontal gridline 524 can be located at

9 10 



EP 3 905 008 A1

7

5

10

15

20

25

30

35

40

45

50

55

a margin distance from the upper horizontal gridline 522;
and the left and right vertical gridlines 526, 528 can be
defined based on a torso width (with certain margin value)
estimated from one or more previous frames of depth
data.
[0034] The gridlines form various grid blocks that can
be processed individually (in sequence or in parallel)
based on the grid block’s location, size, or other at-
tributes. Illustratively, the controller can scan the identi-
fied portion 504 in a direction or manner based on a lo-
cation of the grid block the portion 504 falls into. For ex-
ample, if the identified portion 504 falls into any of grid
blocks 531-536 or 538, it is more likely that the hand of
the subject is pointing upwards. Therefore, at least for
purposes of computational efficiency, the controller can
scan the identified portion 504, pixel row by pixel row, in
an up-down direction. As another example, if the identi-
fied portion falls into either grid block 537 or 539, it is
more likely that the hand of the subject is pointing left or
pointing right. Therefore, the controller can scan the iden-
tified portion, pixel column by pixel column, in a left-right
or right-left direction, respectively. As illustrated in Figure
5D, an estimated boundary 542 of the hand can be lo-
cated where an increase in depth between two or more
adjacent pixel rows (or columns) exceeds a threshold.
The set of scanned pixels 540 within the estimated hand
boundary 542 can be identified as corresponding to a
hand of the subject.
[0035] In some embodiments, the hand identification
is further corroborated or revised based on 2D image
data that corresponds to the reference depth map. For
example, the hand boundaries can be revised based on
texture and/or contrast analysis of the 2D image data. In
some embodiments, the controller removes the identified
first hand from the collective region and repeats the proc-
ess of Figures 5A-5D to identify the second hand of the
subject.
[0036] Figures 6A and 6B illustrate a process for iden-
tifying a primary pose component (e.g., torso) of the sub-
ject, in accordance with some embodiments of the pres-
ently disclosed technology. The collective region may in-
clude multiple pose components of the subject, non-pose
components (e.g., head or legs in certain cases) of the
subject, and/or objects other than the subject. Accord-
ingly, the controller further processes the collective re-
gion to particularly identify the primary pose component.
Illustratively, the controller can remove the identified sec-
ondary pose component(s) (e.g., hand(s)) and analyze
the rest of the collective region 620. For example, the
controller can efficiently identify the torso of the subject
based on widths at various heights of the remaining col-
lective region 620. As illustrated in Figure 6A, the remain-
ing collective region 620 can be examined line by line at
different heights. The controller can compare widths of
the collective region at different heights to a torso width
range (e.g., between 2 and 6 times the width of the hand)
and identify the subject’s torso based thereon. With ref-
erence to Figure 6A, an example line 602 indicates a

width 604 that is outside the torso width range (e.g.,
smaller than twice of the hand width), while another ex-
ample line 606 indicates a width 608 that falls within the
torso width range. Accordingly, as illustrated in Figure
6B, the controller identifies a larger rectangular area 610
as the torso of the subject. The area 610 excludes the
upper half of the subject’s head (where line 602 resides).
[0037] At block 330, the method includes determining
a spatial relationship between at least the identified pri-
mary pose component and secondary pose compo-
nent(s). The controller can determine one or more geo-
metric attributes (e.g., the centroid, contour, shape, or
the like) of the primary and/or secondary pose compo-
nents. The controller can determine one or more vectors
pointing between portions of the primary pose compo-
nent and the secondary pose component(s). At block
335, the method includes generating one or more com-
mands based on the determined spatial relationship. Il-
lustratively, the determined geometric attributes and/or
the vectors can be used to define a direction, speed, ac-
celeration, and/or rotation, which serves as a basis for
generating command(s) for controlling the mobile plat-
form’s next move(s). For example, the controller can gen-
erate a command that causes the mobile platform to stop
moving when a user’s hand is raised. As another exam-
ple, the controller can generate a command that causes
the mobile platform to move toward a point in space that
resides on a line defined by the centroids of the identified
torso and hand of the subject. In various embodiments,
the method 300 can be implemented in response to ob-
taining each frame of depth data, in response to certain
events (e.g., the mobile platform detecting presence of
one or more subjects), and/or based on user commands.
[0038] Figure 7 illustrates examples of mobile plat-
forms configured in accordance with various embodi-
ments of the presently disclosed technology. As illustrat-
ed, a representative mobile platform as disclosed herein
may include at least one of an unmanned aerial vehicle
(UAV) 702, a manned aircraft 704, an autonomous car
706, a self-balancing vehicle 708, a terrestrial robot 710,
a smart wearable device 712, a virtual reality (VR) head-
mounted display 714, or an augmented reality (AR) head-
mounted display 716.
[0039] Figure 8 is a block diagram illustrating an ex-
ample of the architecture for a computer system or other
control device 800 that can be utilized to implement var-
ious portions of the presently disclosed technology. In
Figure 8, the computer system 800 includes one or more
processors 805 and memory 810 connected via an inter-
connect 825. The interconnect 825 may represent any
one or more separate physical buses, point to point con-
nections, or both, connected by appropriate bridges,
adapters, or controllers. The interconnect 825, therefore,
may include, for example, a system bus, a Peripheral
Component Interconnect (PCI) bus, a HyperTransport or
industry standard architecture (ISA) bus, a small compu-
ter system interface (SCSI) bus, a universal serial bus
(USB), IIC (I2C) bus, or an Institute of Electrical and Elec-
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tronics Engineers (IEEE) standard 674 bus, sometimes
referred to as "Firewire."
[0040] The processor(s) 805 may include central
processing units (CPUs) to control the overall operation
of, for example, the host computer. In certain embodi-
ments, the processor(s) 805 accomplish this by execut-
ing software or firmware stored in memory 810. The proc-
essor(s) 805 may be, or may include, one or more pro-
grammable general-purpose or special-purpose micro-
processors, digital signal processors (DSPs), program-
mable controllers, application specific integrated circuits
(ASICs), programmable logic devices (PLDs), or the like,
or a combination of such devices.
[0041] The memory 810 can be or include the main
memory of the computer system. The memory 810 rep-
resents any suitable form of random access memory
(RAM), read-only memory (ROM), flash memory, or the
like, or a combination of such devices. In use, the memory
810 may contain, among other things, a set of machine
instructions which, when executed by processor 805,
causes the processor 805 to perform operations to im-
plement embodiments of the presently disclosed tech-
nology.
[0042] Also connected to the processor(s) 805 through
the interconnect 825 is a (optional) network adapter 815.
The network adapter 815 provides the computer system
800 with the ability to communicate with remote devices,
such as the storage clients, and/or other storage servers,
and may be, for example, an Ethernet adapter or Fiber
Channel adapter.
[0043] The techniques described herein can be imple-
mented by, for example, programmable circuitry (e.g.,
one or more microprocessors) programmed with soft-
ware and/or firmware, or entirely in special-purpose hard-
wired circuitry, or in a combination of such forms. Special-
purpose hardwired circuitry may be in the form of, for
example, one or more application-specific integrated cir-
cuits (ASICs), programmable logic devices (PLDs), field-
programmable gate arrays (FPGAs), etc.
[0044] Software or firmware for use in implementing
the techniques introduced here may be stored on a ma-
chine-readable storage medium and may be executed
by one or more general-purpose or special-purpose pro-
grammable microprocessors. A "machine-readable stor-
age medium," as the term is used herein, includes any
mechanism that can store information in a form accessi-
ble by a machine (a machine may be, for example, a
computer, network device, cellular phone, personal dig-
ital assistant (PDA), manufacturing tool, any device with
one or more processors, etc.). For example, a machine-
accessible storage medium includes recordable/non-re-
cordable media (e.g., read-only memory (ROM); random
access memory (RAM); magnetic disk storage media;
optical storage media; flash memory devices; etc.), etc.
[0045] The term "logic," as used herein, can include,
for example, programmable circuitry programmed with
specific software and/or firmware, special-purpose hard-
wired circuitry, or a combination thereof.

[0046] Some embodiments of the disclosure have oth-
er aspects, elements, features, and/or steps in addition
to or in place of what is described above. These potential
additions and replacements are described throughout
the rest of the specification. Reference in this specifica-
tion to "various embodiments," "certain embodiments,"
or "some embodiments" means that a particular feature,
structure, or characteristic described in connection with
the embodiment is included in at least one embodiment
of the disclosure. These embodiments, even alternative
embodiments (e.g., referenced as "other embodiments")
are not mutually exclusive of other embodiments. More-
over, various features are described which may be ex-
hibited by some embodiments and not by others. Simi-
larly, various requirements are described which may be
requirements for some embodiments but not other em-
bodiments. For example, some embodiments uses depth
information generated from stereo camera(s), while other
embodiments can use depth information generated from
LiDAR(s), 3D-ToF, or RGB-D. Still further embodiments
can use depth information generated from a combination
of sensors.
[0047] To the extent any materials incorporated by ref-
erence herein conflict with the present disclosure, the
present disclosure controls. Various embodiments have
been described. The present invention may also (alter-
natively) be described by the below numbered aspects
1 to 100.

ASPECTS

[0048]

1. A computer-implemented method for determining
a gesture of a user within a three-dimensional (3D)
environment based, at least in part, on depth infor-
mation, the method comprising:

determining a depth range where the user is like-
ly to appear in a current depth map of the envi-
ronment based, at least in part, on one or more
prior depth maps;
generating a reference depth map based, at
least on part, on filtering the current depth map
using the range of depth;
identifying a plurality of candidate regions from
the reference depth map, wherein changes in
depth within each of the plurality of candidate
regions do not exceed a threshold value and
wherein the plurality of candidate regions are
disconnected from one another;
selecting a subset from the plurality of candidate
regions, wherein each selected candidate re-
gion has a size within a threshold range and
wherein the threshold range is based on an es-
timated size of a hand of the user relative to the
target depth map;
determining a primary region from the subset
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based, at least in part, on a location and/or size
corresponding to a torso of the user;
associating the primary region with one or more
target regions of the subset as potentially cor-
responding to body parts of the user based, at
least in part, on relative locations of the primary
region and the one or more target regions;
identifying a hand of the user from a collective
region that includes the primary region and the
one or more target regions;
identifying the torso of the user after filtering out
the identified hand from the collective region;
determining one or more vectors representing a
spatial relationship between at least the identi-
fied torso and identified hand of the user; and
controlling a movement of a mobile platform
based, at least in part, on the determined one
or more vectors.

2. A computer-implemented method for determining
a pose of a subject within an environment based, at
least in part, on depth information, the method com-
prising:

identifying a plurality of candidate regions from
base depth data representing the environment
based, at least in part, on at least one depth
connectivity criterion;
determining a first region from a subset of the
candidate regions based, at least in part, on an
estimation regarding a first pose component of
the subject;
selecting one or more second regions from the
subset of candidate regions to associate with
the first region based, at least in part, on relative
locations of the first region and the one or more
second regions;
identifying the first pose component and at least
one second pose component of the subject from
a collective region including the first region and
the one or more associated second regions;
determining a spatial relationship between the
identified first pose component and the identified
at least one second pose component; and
causing generation of a controlling command for
execution by a mobile platform based, at least
in part, on the determined spatial relationship.

3. The method of aspect 2, wherein the base depth
data is generated based, at least in part, on images
captured by at least one stereo camera.

4. The method of aspect 3, wherein the base depth
data includes a depth map calculated based, at least
in part, on a disparity map and intrinsic parameters
of the at least one stereo camera.

5. The method of any of aspects 2-4, further com-

prising determining a depth range where the subject
is likely to appear in the base depth data.

6. The method of aspect 5, wherein the plurality of
candidate regions are identified within the range of
depth.

7. The method of any of aspects 2-6, wherein the
base depth data includes at least one of unknown,
invalid, or inaccurate depth information.

8. The method of aspect 2, wherein the at least one
depth connectivity criterion includes at least one of
a depth threshold or a change-of-depth threshold.

9. The method of any of aspects 2 or 8, wherein two
or more of candidate regions are disconnected from
one another due, at least in part, to unknown, invalid,
or inaccurate depth information in the base depth
data.

10. The method of any of aspects 2, 8, or 9, further
comprising selecting the subset of the candidate re-
gions based, at least in part, on first baseline infor-
mation regarding at least one pose component of
the subject.

11. The method of aspect 10, wherein the first base-
line information indicates an estimated size of the at
least one pose component.

12. The method of aspect 10, wherein the first base-
line information is based, at least in part, on prior
depth data.

13. The method of aspect 2, wherein determining
the first region is based, at least in part, on second
baseline information regarding the first pose compo-
nent of the subject.

14. The method of aspect 13, wherein the second
baseline information indicates an estimated location
of the first pose component.

15. The method of aspect 13, wherein the second
baseline information is based, at least in part, on
prior depth data.

16. The method of aspects 2, wherein selecting one
or more second regions from the subset of candidate
regions to associate with the first region is based, at
least in part, on non-depth information regarding the
environment.

17. The method of aspect 16, wherein the non-depth
information includes two-dimensional image data
that corresponds to the base depth data.
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18. The method of any of aspects 2, 16, or 17, where-
in selecting the one or more second regions to as-
sociate with the first region comprises distinguishing
candidate regions potentially corresponding to the
subject from candidate regions potentially corre-
sponding to at least one other subject.

19. The method of any of aspects 2 or 16-18, wherein
selecting one or more second regions from the sub-
set of candidate regions to associate with the first
region is based, at least in part, on estimated loca-
tions of a plurality of joints of the subject.

20. The method of any of aspects 2 or 16-19, wherein
selecting one or more second regions from the sub-
set of candidate regions to associate with the first
region at least partially discounts an effect of un-
known, invalid, or inaccurate depth information in the
base depth data.

21. The method of aspect 2, wherein the subject is
a human being.

22. The method of any of aspects 2 or 21, wherein
the first pose component and the at least one second
pose component are body parts of the subject.

23. The method of any of aspects 2, 21, or 22, where-
in the first pose component is a torso of the subject
and the at least one second pose component is a
hand of the subject.

24. The method of any of aspects 2 or 21-23, wherein
identifying the first pose component and at least one
second pose component of the subject comprises
detecting a portion of the collective region based, at
least in part, on a measurement of depth.

25. The method of aspect 24, wherein detecting a
portion of the collective region comprises detecting
a portion closest in depth to the mobile platform.

26. The method of any of aspects 24 or 25, wherein
identifying the at least one second pose component
is based, at least in part, on a location of the detected
portion relative to a grid system.

27. The method of any of aspects 2 or 21-26, wherein
identifying the at least one second pose component
comprises identifying two second pose components.

28. The method of any of aspects 2 or 21-27, wherein
identifying the first pose component comprises re-
moving the identified at least one second pose com-
ponent from the collective region.

29. The method of any of aspects 2 or 21-28, wherein
identifying the first pose component is based, at least

in part, on a threshold on width.

30. The method of aspect 2, wherein determining a
spatial relationship between the identified first pose
component and the identified at least one second
pose component comprises determining one or
more geometric attributes of the first and/or second
pose components.

31. The method of aspect 30, wherein the one or
more geometric attributes include a location of cen-
troid.

32. The method of any of aspects 2, 30, or 31, where-
in determining a spatial relationship between the
identified first pose component and the identified at
least one second pose component comprises deter-
mining one or more vectors pointing between por-
tions of the first pose component and the at least one
second pose component.

33. The method of any of aspects 2-32, wherein the
mobile platform includes at least one of an un-
manned aerial vehicle (UAV), a manned aircraft, an
autonomous car, a self-balancing vehicle, a robot, a
smart wearable device, a virtual reality (VR) head-
mounted display, or an augmented reality (AR) head-
mounted display.

34. The method of any of aspects 2-33, further com-
prising controlling a mobility function of the mobile
platform based, at least in part, on the controlling
command.

35. A non-transitory computer-readable medium
storing computer-executable instructions that, when
executed, cause one or more processors associated
with a mobile platform to perform actions, the actions
comprising:

identifying a plurality of candidate regions from
base depth data representing the environment
based, at least in part, on at least one depth
connectivity criterion;
determining a first region from a subset of the
candidate regions based, at least in part, on an
estimation regarding a first pose component of
the subject;
selecting one or more second regions from the
subset of candidate regions to associate with
the first region based, at least in part, on relative
locations of the first region and the one or more
second regions;
identifying the first pose component and at least
one second pose component of the subject from
a collective region including the first region and
the one or more associated second regions;
determining a spatial relationship between the
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identified first pose component and the identified
at least one second pose component; and
causing generation of a controlling command for
execution by the mobile platform based, at least
in part, on the determined spatial relationship.

36. The computer-readable medium of aspect 35,
wherein the base depth data is generated based, at
least in part, on images captured by at least one ster-
eo camera.

37. The computer-readable medium of aspect 36,
wherein the base depth data includes a depth map
calculated based, at least in part, on a disparity map
and intrinsic parameters of the at least one stereo
camera.

38. The computer-readable medium of any of as-
pects 35-37, wherein the actions further comprise
determining a depth range where the subject is likely
to appear in the base depth data.

39. The computer-readable medium of aspect 38,
wherein the plurality of candidate regions are iden-
tified within the range of depth.

40. The computer-readable medium of any of as-
pects 35-39, wherein the base depth data includes
at least one of unknown, invalid, or inaccurate depth
information.

41. The computer-readable medium of aspect 35,
wherein the at least one depth connectivity criterion
includes at least one of a depth threshold or a
change-of-depth threshold.

42. The computer-readable medium of any of as-
pects 35 or 41, wherein two or more of candidate
regions are disconnected from one another due, at
least in part, to unknown, invalid, or inaccurate depth
information in the base depth data.

43. The computer-readable medium of any of as-
pects 35, 41, or 42, wherein the actions further com-
prise selecting the subset of the candidate regions
based, at least in part, on first baseline information
regarding at least one pose component of the sub-
ject.

44. The computer-readable medium of aspect 43,
wherein the first baseline information indicates an
estimated size of the at least one pose component.

45. The computer-readable medium of aspect 43,
wherein the first baseline information is based, at
least in part, on prior depth data.

46. The computer-readable medium of aspect 35,

wherein determining the first region is based, at least
in part, on second baseline information regarding the
first pose component of the subject.

47. The computer-readable medium of aspect 46,
wherein the second baseline information indicates
an estimated location of the first pose component.

48. The computer-readable medium of aspect 46,
wherein the second baseline information is based,
at least in part, on prior depth data.

49. The computer-readable medium of aspects 35,
wherein selecting one or more second regions from
the subset of candidate regions to associate with the
first region is based, at least in part, on non-depth
information regarding the environment.

50. The computer-readable medium of aspect 49,
wherein the non-depth information includes two-di-
mensional image data that corresponds to the base
depth data.

51. The computer-readable medium of any of as-
pects 35, 49, or 50, wherein selecting the one or
more second regions to associate with the first region
comprises distinguishing candidate regions poten-
tially corresponding to the subject from candidate
regions potentially corresponding to at least one oth-
er subject.

52. The computer-readable medium of any of as-
pects 35 or 49-51, wherein selecting one or more
second regions from the subset of candidate regions
to associate with the first region is based, at least in
part, on estimated locations of a plurality of joints of
the subject.

53. The computer-readable medium of any of as-
pects 35 or 49-52, wherein selecting one or more
second regions from the subset of candidate regions
to associate with the first region at least partially dis-
counts an effect of unknown, invalid, or inaccurate
depth information in the base depth data.

54. The computer-readable medium of aspect 35,
wherein the subject is a human being.

55. The computer-readable medium of any of as-
pects 35 or 54, wherein the first pose component
and the at least one second pose component are
body parts of the subject.

56. The computer-readable medium of any of as-
pects 35, 54, or 55, wherein the first pose component
is a torso of the subject and the at least one second
pose component is a hand of the subject.
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57. The computer-readable medium of any of as-
pects 35 or 54-56, wherein identifying the first pose
component and at least one second pose component
of the subject comprises detecting a portion of the
collective region based, at least in part, on a meas-
urement of depth.

58. The computer-readable medium of aspect 57,
wherein detecting a portion of the collective region
comprises detecting a portion closest in depth to the
mobile platform.

59. The computer-readable medium of any of as-
pects 57 or 58, wherein identifying the at least one
second pose component is based, at least in part,
on a location of the detected portion relative to a grid
system.

60. The computer-readable medium of any of as-
pects 35 or 54-59, wherein identifying the at least
one second pose component comprises identifying
at least two second pose components.

61. The computer-readable medium of any of as-
pects 35 or 54-60, wherein identifying the first pose
component comprises removing the identified at
least one second pose component from the collec-
tive region.

62. The computer-readable medium of any of as-
pects 35 or 54-61, wherein identifying the first pose
component is based, at least in part, on a threshold
on width.

63. The computer-readable medium of aspect 35,
wherein determining a spatial relationship between
the identified first pose component and the identified
at least one second pose component comprises de-
termining one or more geometric attributes of the
first and/or second pose components.

64. The computer-readable medium of aspect 63,
wherein the one or more geometric attributes include
a location of centroid.

65. The computer-readable medium of any of as-
pects 35, 63, or 64, wherein determining a spatial
relationship between the identified first pose compo-
nent and the identified at least one second pose com-
ponent comprises determining one or more vectors
pointing between portions of the first pose compo-
nent and the at least one second pose component.

66. The computer-readable medium of any of as-
pects 35-65, wherein the mobile platform includes
at least one of an unmanned aerial vehicle (UAV), a
manned aircraft, an autonomous car, a self-balanc-
ing vehicle, a robot, a smart wearable device, a vir-

tual reality (VR) head-mounted display, or an aug-
mented reality (AR) head-mounted display.

67. The computer-readable medium of any of as-
pects 35-66, wherein the actions further comprise
controlling a mobility function of the mobile platform
based, at least in part, on the controlling command.

68. A vehicle including a controller programmed to
at least partially control one or more motions of the
vehicle, wherein the programmed controller includes
one or more processors configured to:

identify a plurality of candidate regions from
base depth data representing the environment
based, at least in part, on at least one depth
connectivity criterion;
determine a first region from a subset of the can-
didate regions based, at least in part, on an es-
timation regarding a first pose component of the
subject;
select one or more second regions from the sub-
set of candidate regions to associate with the
first region based, at least in part, on relative
locations of the first region and the one or more
second regions;
identify the first pose component and at least
one second pose component of the subject from
a collective region including the first region and
the one or more associated second regions;
determine a spatial relationship between the
identified first pose component and the identified
at least one second pose component; and
cause generation of a controlling command for
execution by the vehicle based, at least in part,
on the determined spatial relationship.

69. The vehicle of aspect 68, wherein the base depth
data is generated based, at least in part, on images
captured by at least one stereo camera.

70. The vehicle of aspect 69, wherein the base depth
data includes a depth map calculated based, at least
in part, on a disparity map and intrinsic parameters
of the at least one stereo camera.

71. The vehicle of any of aspects 68-70, wherein the
one or more processors are further configured to de-
termine a depth range where the subject is likely to
appear in the base depth data.

72. The vehicle of aspect 71, wherein the plurality of
candidate regions are identified within the range of
depth.

73. The vehicle of any of aspects 68-72, wherein the
base depth data includes at least one of unknown,
invalid, or inaccurate depth information.
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74. The vehicle of aspect 68, wherein the at least
one depth connectivity criterion includes at least one
of a depth threshold or a change-of-depth threshold.

75. The vehicle of any of aspects 68 or 74, wherein
two or more of candidate regions are disconnected
from one another due, at least in part, to unknown,
invalid, or inaccurate depth information in the base
depth data.

76. The vehicle of any of aspects 68, 74, or 75,
wherein the one or more processors are further con-
figured to select the subset of the candidate regions
based, at least in part, on first baseline information
regarding at least one pose component of the sub-
ject.

77. The vehicle of aspect 76, wherein the first base-
line information indicates an estimated size of the at
least one pose component.

78. The vehicle of aspect 76, wherein the first base-
line information is based, at least in part, on prior
depth data.

79. The vehicle of aspect 68, wherein determining
the first region is based, at least in part, on second
baseline information regarding the first pose compo-
nent of the subject.

80. The vehicle of aspect 79, wherein the second
baseline information indicates an estimated location
of the first pose component.

81. The vehicle of aspect 79, wherein the second
baseline information is based, at least in part, on
prior depth data.

82. The vehicle of aspects 68, wherein selecting one
or more second regions from the subset of candidate
regions to associate with the first region is based, at
least in part, on non-depth information regarding the
environment.

83. The vehicle of aspect 82, wherein the non-depth
information includes two-dimensional image data
that corresponds to the base depth data.

84. The vehicle of any of aspects 68, 82, or 83,
wherein selecting the one or more second regions
to associate with the first region comprises distin-
guishing candidate regions potentially correspond-
ing to the subject from candidate regions potentially
corresponding to at least one other subject.

85. The vehicle of any of aspects 68 or 82-84, where-
in selecting one or more second regions from the
subset of candidate regions to associate with the first

region is based, at least in part, on estimated loca-
tions of a plurality of joints of the subject.

86. The vehicle of any of aspects 68 or 82-85, where-
in selecting one or more second regions from the
subset of candidate regions to associate with the first
region at least partially discounts an effect of un-
known, invalid, or inaccurate depth information in the
base depth data.

87. The vehicle of aspect 68, wherein the subject is
a human being.

88. The vehicle of any of aspects 68 or 87, wherein
the first pose component and the at least one second
pose component are body parts of the subject.

89. The vehicle of any of aspects 68, 87, or 88,
wherein the first pose component is a torso of the
subject and the at least one second pose component
is a hand of the subject.

90. The vehicle of any of aspects 68 or 87-89, where-
in identifying the first pose component and at least
one second pose component of the subject compris-
es detecting a portion of the collective region based,
at least in part, on a measurement of depth.

91. The vehicle of aspect 90, wherein detecting a
portion of the collective region comprises detecting
a portion closest in depth to the vehicle.

92. The vehicle of any of aspects 90 or 91, wherein
identifying the at least one second pose component
is based, at least in part, on a location of the detected
portion relative to a grid system.

93. The vehicle of any of aspects 68 or 87-92, where-
in identifying the at least one second pose compo-
nent comprises identifying at least two second pose
components.

94. The vehicle of any of aspects 68 or 87-93, where-
in identifying the first pose component comprises re-
moving the identified at least one second pose com-
ponent from the collective region.

95. The vehicle of any of aspects 68 or 87-94, where-
in identifying the first pose component is based, at
least in part, on a threshold on width.

96. The vehicle of aspect 68, wherein determining a
spatial relationship between the identified first pose
component and the identified at least one second
pose component comprises determining one or
more geometric attributes of the first and/or second
pose components.
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97. The vehicle of aspect 96, wherein the one or
more geometric attributes include a location of cen-
troid.

98. The vehicle of any of aspects 68, 96, or 97,
wherein determining a spatial relationship between
the identified first pose component and the identified
at least one second pose component comprises de-
termining one or more vectors pointing between por-
tions of the first pose component and the at least one
second pose component.

99. The vehicle of any of aspects 68-98, wherein the
vehicle includes at least one of an unmanned aerial
vehicle (UAV), a manned aircraft, an autonomous
car, a self-balancing vehicle, a robot, a smart wear-
able device, a virtual reality (VR) head-mounted dis-
play, or an augmented reality (AR) head-mounted
display.

100. The vehicle of any of aspects 68-99, wherein
the one or more processors are further configured
to control a mobility function of the vehicle based, at
least in part, on the controlling command.

Claims

1. A computer-implemented method for determining a
gesture of a user within a three-dimensional (3D)
environment based, at least in part, on depth infor-
mation, the method comprising:

determining a depth range where the user is like-
ly to appear in a current depth map of the envi-
ronment based, at least in part, on one or more
prior depth maps;
generating a reference depth map based, at
least on part, on filtering the current depth map
using the range of depth;
identifying a plurality of candidate regions from
the reference depth map, wherein changes in
depth within each of the plurality of candidate
regions do not exceed a threshold value and
wherein the plurality of candidate regions are
disconnected from one another;
selecting a subset from the plurality of candidate
regions, wherein each selected candidate re-
gion has a size within a threshold range and
wherein the threshold range is based on an es-
timated size of a hand of the user relative to the
target depth map;
determining a primary region from the subset
based, at least in part, on a location and/or size
corresponding to a torso of the user;
associating the primary region with one or more
target regions of the subset as potentially cor-
responding to body parts of the user based, at

least in part, on relative locations of the primary
region and the one or more target regions;
identifying a hand of the user from a collective
region that includes the primary region and the
one or more target regions;
identifying the torso of the user after filtering out
the identified hand from the collective region;
determining one or more vectors representing a
spatial relationship between at least the identi-
fied torso and identified hand of the user; and
controlling a movement of a mobile platform
based, at least in part, on the determined one
or more vectors.

2. The method of claim 1, wherein the plurality of can-
didate regions are identified within the range of
depth.

3. The method of claim 1 or 2, wherein the depth range
is determined based on one or more frames of depth
maps generated immediately prior to the most recent
frame.

4. The method of any of claims 1-3, wherein each can-
didate region is disconnected from any other candi-
date regions in depth.

5. The method of any of claims 1-4, wherein the primary
region is determined based on baseline information,
such as location and/or size, regarding the torso of
the subject.

6. The method of any one of claims 1-5, further com-
prising:
generating the collective region based on the dis-
tance between and/or the relative sizes of the prima-
ry region and other candidate regions.

7. The method of any of claims 1 to 6, further compris-
ing:
constructing the collective region and once the col-
lective region is constructed, filtering out or otherwise
excluding from further processing other candidate
regions.

8. The method of any one of claims 1 to 7, further com-
prising: using the vectors to define a direction, speed,
acceleration, and/or rotation, as a basis for generat-
ing a command for controlling of the movement of
the mobile platform.

9. The method of any of claims 1 to 8, wherein selecting
the one or more second regions to associate with
the first region comprises distinguishing candidate
regions potentially corresponding to the subject from
candidate regions potentially corresponding to at
least one other subject.
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10. The method of any of claims 1 to 9, wherein selecting
one or more second regions from the subset of can-
didate regions to associate with the first region is
based, at least in part, on estimated locations of a
plurality of joints of the subject.

11. The method of any one of claims 1 to 10, wherein
the subject is a human being.

12. The method of any of claims 1-11, wherein the mobile
platform includes at least one of an unmanned aerial
vehicle (UAV), a manned aircraft, an autonomous
car, a self-balancing vehicle, a robot, a smart wear-
able device, a virtual reality (VR) head-mounted dis-
play, or an augmented reality (AR) head-mounted
display.

13. The method of claim 8, further comprising controlling
a mobility function of the mobile platform based, at
least in part, on the command.

14. A non-transitory computer-readable medium storing
computer-executable instructions that, when exe-
cuted, cause one or more processors associated
with a mobile platform to perform the method of any
one of the preceding claims.

15. A vehicle including a controller programmed to at
least partially control one or more motions of the ve-
hicle, wherein the programmed controller includes
one or more processors configured to perform the
method of any one of claims 1 to 13.
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